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SHEET EXCELLENT IN PORTABILITY AND HOLE EXPANSIBILITY, AND 



CM) HIGH STRENGTH STEEl 
ITS PRODUCTION METHOD 

(S/)Abstract: 

PROBLEM TO BE SOLVED: To provide a steel sheet applicable to 
members requiring hole exp&nsifaii&y such as automobile members 
and brockets, end to provide its production method. 
SOLUTION: This high strength steel sheet excellent m formabi'Nty 
and hole expansibility has a composition containing, by mass, 0..QS 
to 0.2% O 1 to Z.m SI, 0.5 to 2,5% Co and 0,5 to 3.05 Mn and 
further contain^ 0,01 to 2,51 A! and/or at least one or more kinds 
selected from C2.0% NT <0.2S Mo, ti.m Cr, <0.S5 V. <0M% 0, 
<0,m% Ti. <0m% Nb. <Qm% Cut and <QM% in which the 
hardness of a ferritin phase is also 150 to 240 by Hv, and further, 
the volume ratio of retained austsnste in the steel structure is 2 to 
205. 
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(54) [^^cd«^] &Mmtmz?m.vfmzmiitmmmfc&£Tj*o)m%itj& 



B 2 1 B 3/00 
C 2 1 D 9/46 



(57) imm 

imk^m mm%x\ c-.o. 05%ja±, o. 2 

Si : 1?6J£LL, 2. 5%JilT\ Cu : 0. 5 
%J2LL, 2. 5%OT. Mn : 0. 5%J2Lh. 3. 0% 

jar, £#*u set. as. ai : o. o i%ia±. 

2. 5%JJIT, Ni : 2. 0%*iffi. 

M o : 0 . 2%5fc?g s C r : 1 . 0 V : 0 . 3 

%*}# „ B : 0 . 0 1 T i : 0 . 0 6 %*}S. 

N b : 0 . 0 6%*I, C a : 0 . 0 5 %*}ffL tii 
V. M g : 0 . 0 5%5kffiCO 0 h'J?%< 1 1 1 
£*U j&o. 7x5-f M^flMWHVPl 5 0JJJI 
±. 2 4 0mTT'S>Si:i:tC «fil§4 J ?M';t-X 

-r-M h <wmm& 2-20 sit swat -r-s 



E 1 




3?i^-i'M£g : Hv 
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mmmcrMM] 

C : 0. 0 5%lil±, 0. 2%lilT. 

S i : 0. 5%iiLt. 2. 5%&T. 

Cu : 0. 5%JXL. 2. 5%JiTF. 

Mn : 0. 3. 0%EIT\ £#*L. 

7x5^ MI«* 5 HvT' 1 5 0J2Lh, 2 4 0J21TT 

mmM2] mm%x\ 

C : 0 . 0 5%Jil±. 0. 2%£Tf. 

S i : 0. 5%£Lh. 2. 5%£IT, 

Al : 0. 0 1%Ulk. 2. 5%11.T. 

Cu : 0. 5%JiLL. 2. 5%KXT. 

Mn : 0. 5%Jil±. 3. 0%liTF. £#*L. 

7x7-f MSWSS^HvT 1 5 0 JJLh % 2 4 OJ^TT 

b b i>tz. Ifii+^S^-xft^f h<o#=fi» 
* s 2-2o sit s^utt -r s i&stmmfiizft& 

[ 11*11 3 ] If *ij? l 4 fcli 2 tlBtfeco^ttMt>"t 

wftttafiJt^flaiiK^. set, n 

i : 2. 0%*iff. Mo : 0. 2%*$t. Cr : 1 . 0 
%*)T§. V : 0 . 3%*}f . B : 0 . 0 1 T 
i : 0 . 0 6%*}S. Nb : 0 . 0 6%*jS. C a : 
0.05 %*St. t$ i V. M g : 0 . 05 %*St<7) d 

uizKmifmziwfifcmmjKmm^^x. o. i^m 
[if*H5] m&mi. 2*tz\±3\<zim<nmmm: 

ffifct 8 0 0 mii«iBir«ftlHEESE**T t 

So 

[ff*H6] H*3B1, 2*fcli3fcie«0>«|&jS* 
iHJ^-t ■§> Sr. 650-850 °C OUffl^iOK 
i^fl O^liLh. 1 0^TFM#6L;tfA. 4-2 0 0°C 
/sCO^aJaKT-3 5 0 — 6 0 OT34T''^£PU ifc^ 

5 °c/ s jjLh<^»aBaurc 250 i t 

[Ht*Jf7] 11*311. 2*fcli3£K»<Z>*l««* 
iSM-T £ /£?IiffiK Sr. 650— 850 °C <JO^ffl^#fflK 

wci o»ja±, 1 oMT^fiLta, 4-20 o°c 
5 0-6 0 o°c4T"?££pu 



T\ ;^MST10»£Lh, 1 O^TSWl^S, 

arc 250 icjarfc^aw* - 1 t= «t 0 . ihhsih^ . 

[ff*iB8] 11*111. 2ifci±3telB»a«liJ£* 
3PMW£?MBWE£, 6 5 0— 8 5 0T^-ffl4±#i&g 

*ci o»ja±. i oftixrfmLtzm. 4-2 o o°c 

/ s cD^a?SST-3 5 0 — 500 °C£X'l$ffl L . ^<7> 

iltiJ&fc-5l^il. 4 5 0— 6 0 o°ccr>mmcr> 

iB*«T5»JSUi, 2MTffiftLt*^. 5°C/sJJl 
±cO?#iP5«KT'2 5 0 "CJiTR^iP-f £ £ f: tc i 0 . M 
MmmiZ^ Fe : 8— 1 5%. A 1 : 1 %jaT*J J: tPF 

—2 o o°c/s<7)?£a]as-c-3 5 0—5 0 o'ctx-ftui 

L . i^v i c7)?S«J«T' 1 0 4Har«*H- 

a i: -r e tt*ii s 1 BK<^)jaE»ttMV tz^mr ffi tfiti^ 

[0001] 
[0002] 

«t 0 iz, &w<7M&ik<nmMii t m&r>xto 0 . -e*i.£*f 
jet- s ft tz-gmmmffi&m v^tih^tm/-xv^ 
t>K ztL^muui. M^mMitb^M.ifmtim^fi 

7x5-f b (F) +v;l^r>'+M h (M) . 4?tii. 7 

x?^ < f ) +aw ^->f h ( b ) em-semtz. «t Sffl 

^^tM<7)»^#<ffl^^tiTV^„ L*»L, F + M 
WlMiKDP [=Dual Phase)!!) 

"CIS. ©v^j^t itKWaiff s SrJSJEtlttl*f|i3*i« t« 
<7). #L<a«(?D*SrftlWBO»ffl3&>fe!K-f F*^4L 

^m- < . ftm? & b v ^ mmm, h . 

[00 0 3] 4Jt. F + B<50DPg|T1±. #fflBg5 7- 

10164 9^fBc*§fLTv^ «t 5 ?®mmt 
mix i><7)co. Rfflfis&mLt: ttx\ 700 
ffajeui^sMESftiifciirarcfto, *?t. 

ra«{C» !RPM^6-1 72924^|g 

ii-cv^S. £0>«i. 7x9-f b>f<OTi cwajfcii 
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[0004] &?z, 844 1 3 6^fg. WR 

¥5-3 3 1 5 9 l-^&fRfcifteli, Cu^SSJnU^i 
5-f h+t:«IBKrCu*« : ajS'fr4ii:fc:J: 0. ftfiftf 

-fi. J«JBtt*»4fc«>fc, »7i5^ (F) +^ 
4 -M h ( B ) +a®^-x-r^-f M r ) 4: L/lTR 

I P [Transformation Induced Plasticity] ffiWLIfi^ 
#^P7-74 3 7 8^fg^tcM^Sn.T^£, i« 
MKtt, £IBIijBSItt (TRIPM) fcjBHU ^* 

[0005] 

[0006] 

mmzmm-ztztbco^m *mmm* kmc 

7*54 h«3ME*W< fc^D, AffilS^ 

ftfcftfc. isia+fc. j9rS*?>8»*-*^4 h£ 

[0007] ( 1 ) C : 0 . 0 5%KLL, 

0. 2%OT, S i : 0. 5%JJLh, 2. 5%IilT, C 
u : 0. 5%J£Lh, 2. 5%lilT. Mn : 0. 5%JJl 
±. 3. 0%iTr\ £#*U 7j7^W 
fiWHvtl 5 24 0JaTTfcfti:tfcfc, * 

ffi»*<9S©:fr-.X7^4 r-c9fl^«*&*2-2 0%T*> 
Sit *1f»t^4j«3ei^t^fc3^H t ttfcfl»utJ«a* 
KMK. 

[0008] ( 2 ) «M%T\ C : 0 . 0 5%Jil±. 
0. 2%VXT, S i : 0. 5%£Lk. 2. 5%1MT, A 
1:0. 0 1%ULh, 2. 5%£Tr\ Cu : 0. 5%Ul 
_h. 2. 5%lXr\ Mn : 0. 5%J2Lfc. 3. 0%J£l 

0 tLL. 2 4 0 fiTTC* £ 1 1 fc , MfflSW^SS* 

[0009] ( 3 ) BUlB ( 1 ) ttzlZ ( 2 ) fcKtt^lft 



%X\ Ni : 2. 0%%ffi, Mo : 0. 2%*}W. C 
r : 1 . 0 V : 0 . 3%*9K B : 0 . 0 1% 

5faH. Ti : 0. 0 6%*if, Nb : 0. 0 6%*I, 
Ca : 0. 0 5%*iS. tiitX. Mg : 0. 0 5%5faH 
O 5 *>^< t i> 1 ffl2Lh*-£3r*-* c\hZ*mh-$-h 

m&mm\,zKm?mz®Ktzimmm., 

[00 10] (4)mrlB(l), (2) ±fcl± (3) tc 
0. 1 AtmUlT^#SOCutlfffi*^0. 2«S 

aaa-tr* sit -thmmmfizfrnf mz 
mxtzim&im* 

( 5 ) tuie ( i ) , ( 2 ) ( 3 ) izmmcommjst 
zm&-t&M£. so o'ca^co^mx-mmsm^T 

Lfzm. 3 5 0-6 0 O'CT^Mh z\t £W&.t-fh 

mz^mzKm?mzmifzimmmMU<nmmi 

[0011] (6)iIB(l) , (2) ttzlt (3) \,Z 

mmcommm^m^-t^mmm^. 65o-85o°c 
^~ffi«fffflKttiT-i o»jaji. i o#jaT««ufc 

ft. 4 — 2 0 0°C/s<7)^a]3aEST'3 5 0—60 0°Ct 
-CiftaiU ifcV^T, ;^SS«T'10#H±, lO^Jil 
TffiR Ltz ft, 5 °C/ s ELbO&SBBirc 2 5 0 rlilT 

[00 12] (7)IE(1) , (2)4fe(i(3)fc 
IB*ft«i0ffifig;S:iSM-rS^iB«^, 6 5 0-8 5 Or 

«zffl«ffii«wci o»jjLh. i owxrmskLtz 

f*, 4 — 2 0 0°C/s<K}§im&X°3 5 0—6 0 0°C^ 

Tfia*ufc«. »«aE«a«>-3**jiL. -e^f*. 5°c/ 
s £Lh^aBSfltr 250 "ciiiTtc^a-rs ;k(c=t 
Ds nt^ic, ai : ixvxftexjf-^wm^m^i. 

[00 13] (8)1TIB(1). (2)*fctt(3)tC 

im<DMfflL&zm&-t&ttMMfc&, 6 5 o-8 5 or 
« i otwa±. i o^jaT«nufc 

4 — 2 0 O o C/s<50^aJaLKf3 5 0—50 0°C£ 

Tilsit, -tcom, mm&i&ifri^zmL, 450—6 

0 0 •COttHtOiBflEWC 5 »£Lh » 2 ^TffiSF LT * J 
to , 5 °C/ s PXkCDtfsMimgX' 2 5 0 °COT^^±|]^-S 
ifcCiO. Fe : 8-1 5%. A 1 : 1 

%lMTfc i tPRraPPMSl i^SZn^-jlIS: 

[0014] ( 9 ) mSS^&m^. 6 5 0—8 5 Or 

<orfflft#jaBB*c i o mxt . i o #jar«#fc l Jt 

fl:, 4 — 2 0 0°C/s^a]j$ST"3 5 0—50 0°Ct 
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[0015] 

mmcommcomm] *wmz. mrn^a^x, c, s 

i. Mn. CuO-t-^fM. 7i7^f -X 

4. 

[0016] Ctt, ;f-X-f ~M NS^Htc*T$> 0 s 

wfcsi«t> 2~2o %s® l . ssisasje^ttt «t o fSM 

W£*fr6*L*V*. C£i0. 2%£j&$-fc. 

[0017] Sill J z^>9^ YfoW&tlf. ZcOVf 
lii$:$PM-t&<lbl,z£. 9, 3 5 0-~6 0 0T:fc*ilt4:* 

«Sr"sjfg^-r-S, Si#0. 5%5tcSTC&fti:, 
*&*»i?.*uSr^. S i 4: *8Hfc&* 

wtr 4 cot . ±rs ?r 2 . 5 % (c-r -g. ^mifih 4 . 

[0 0 18] Mnli VmtfatmX'fo*) , 

Z^S#»KWCtf5««a3 5 0-6 0 0°C^ 
ShT4}ifeiiT". t-Xft4 h^-^-f b^MfS 

ft^i*ws«m«„ o. 5%*}f^sp 

Tit. ^-94 hA^4^*Wi-6»fc:ii»*i*lWW** 

k LTMWTim^\ 3. o%*i@-rt^>H-ffl 

Mniio. 5%iii±. 3. o%jaTfc-r*. 
[0019] cuii *^6wr*«>ffli ! Sr7arr*ft. 

wWS£±tf 4 i i: J: 0 , *fflia<?)»eilCiBia-tl, 

hssEflsarrft o . mm^m^-x^-r-i b£ 

[0020] a^g^WiHRfcfeV^tt, JS»t-*'r'*- 
4 b 1fiWm\zr?)V7->*rA b fcSBIW* - 1 £iSffl t 

*LT^4fc«>#tt(C«< (Hv :£j800) . 



kX\ -?iVt->*M ht<0WBBS*/h§<^4. 

a6 tcte . 7x7-flffl tfWBKIi h vT 15 0 JSLbWffcK 

[00 2 1 ]-*, Cu*C5tffinii:ftt. 7x7-(M 
#11 < Kt 0 «3^(7)^KJ±±#-r £ **, 7i5# ffl(593fi 

fJSIIS L felfta, HvT'2 4 0 JjfFCft^lHfSjff** 
^ fLS ^ i: Jl^ffi L/i „ -5-LTs ^O^t 
sCSfSr, CuRcr,±m^2. 5%tUc. lit. C : 
0. 1%, Si : 1. 2%. Mn : 1 . 5%, Cu: 
0. 8%£#trflHK£»8IHEE8EU 8 8 0*C"C«aBI£Hi 
***T 5 5 0 "CTS* JX -5 fclS^BS ( J¥§ 2 

ram. *<j6 0 0MPa ) tio(tS7x7-f 1(?)«IH 

T . J^Ktf^li . 9 v -v 9 ftWM iMMltz m&X'CDK 
g(d) tlOT?Xfl(d 0 ) kcoitd/d 0 kLfz, 
[00 22 ] *?|0J^iiSii. Jil±Sr«*Jjg7>t-ri. 
t)\ S i fcR*3Hi*^4A 1 *JniTfciV\ Al 

^(C-t-XViM htdRS-frT. 3 5 0 — 6 0 0°C-C<7)fl& 

Mto-£&„ Ld 3 L. S iJ:H7x7-< hJBflttfeW»v^ 

m&t x'ftm&co&m$mwz . rtE^tttJKhs** v 

46. AltSi J&^ff-TS t . 3 5 0 — 6 0 0°CT"*7)f* 

[0023] ^ixfe. a l &^Jn-r^^{i. 0.01 
-rs^t". A 1 £»f--S>*£(±2. 5%VXTl,z~th& 

PMKriOE^tgm. 0. ljixmJaTWWajfllW 

t. 7i7-f b*M-(t^-43!ftft36*fBiS*i*V^ , C C 
u Wtttftfi 0 . 2 W*%JaLbGSS-Cfc 4 . 
[0024] § N i i45j--X^^-f bSS^TC* 

TftO, Mo. Cr. V. B. T i & «fcl*N bli5tJg$- 
iff StcST-* 0 . C a&£im steM* S k 

ffit-47C»T*)D. N i : 2. 0%*}». Mo : 0. 2 
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Cr : 1 . 0%*}S. V : 0. 3X*SK B : 
0.01 T i : 0 . 0 6%*», Nb : 0 . 0 

6%5fciH. Ca : 0. 0 5%*iR. tJitf, Mg : 0. 

o 5%*}fcod*>^&< t i> i«ia±*ie«fcjct"cas 

[0025] iixfe7C»coS&*ii. JJE<A#-LfiB"CflSfa 

4. Niil CubcOMSmn-C "CuMf" i; 

nHffL4*BB4CPB*B&±^4<iO'C Ni^i/2Cu# 
SS«;i:*»liU>. »M«M4, J2Lh*£* 

[0026] Stt. iWE«03^ftt*fcASfc«>£ffiV* 
fid#M£L<. 0. 0 1%2-ei.StMnS^ffi^Sr 

m%0 . 0 l%i:-r-Sih^'ffl4 U*. PJ4. Si. A 

im&£vmfflRmxm£ffijkt&&x. o. 03%* 

[0027] ftftHAJ: LT<7)*56BB^«fK<0^tt 
^§ni>, ^Rffl»t;-^i*tSS®^--x-r^>f M43E 

Xt^M hf5*Bt*ii«2%5feSrr»S t . (4-3 g: D <h L 
[0028] — ?j\ SW-Xft^ N<J0#8N*#*2 0 

tm bcoimm* 2 oxart ut. &m®m 

54. %cr>m. 7x^4" K <^7W K v/P-r^lM h 
[ 0 0 2 9 ] iWc, *%gjMaffiSM&u 

JRfflEE*-***^ 8 0 O^^oilJJE-CJRiaiffli** 
T L . ^Ofg. 3 5 0 °C— 6 0 0 °CT'^ Z t Tl# 

[0030] BBE»Til«*fi<'^-S . *4^flniffl 

ts^L"cietT& h 1 0 0 o*cjarj6*a* u\ c u 
^asjn l^m«<7) 7i7-f f fi^sijgfc ct t/c u mum 



[00 3 1 ] 35 0*C*«<?5^#K l 5iBJK - Cl4C uSf 

5 0X^^<^Sffi"3fiBE6«!eBt»&ft. 60 0 

°C £ SB*. 2 iMTCftS t , C u 8£F*SH*8f Hi L , 

Sr^iSK. j^ttfttkffitt^^W-*. fto-C, 60 0 

[00 32] *^HHfflO^®«S(4, ±ieaifiJi£*SM 
-t&ttMMUt:. 6 5 0-8 5 0'CfOXffi4±#?ag^f 
1 0»J3Lh. 1 0#UrF*JMLfc«, 4— 2 0 0°C/s 
^ai3I«T'3 5 0~6 0 0 o CtT"^inL. JjCV^, i 
cr>W&mT10mA±.. 10*aT«SL^i, 5°C/ 

sja±<^aB«irc2 5 o°cot tj&a^s <r t =t 0 
[0033] ^wmnmmm^-y ^mmt. 
zM^&mmT 1 0 iwyj:, 1 0 ^jaT«#e ufca, 

4 — 2 0 0*C/scO^aia^T'3 5 0 — 6 0 0°C*T^ 
SIL. JJCV^T. £fl>fiB0*Tl 0»J3Lh» 1 0^T« 

±«^a5sst'2 5 o °cmTt^9-ri> >r t i o . m 

[0034] § *»^|p|tf>^fiSffl||M«B»-o & 
MRU. ±iB«iffl^S:JSM-rS^ffi««Sr. 6 5 0-8 

5 OTC^-ffliWiftBBWTl O^JSLfc. 1 0*HT«« 
Lfeft, 4—200 °C/ s CD^aaST" 3 5 0 — 50 0 

-ca-c^aiL. *<J5a. aBB^SftoSiitu, 450 

- 6 0 0 °C co«gHco«aSl«-C 5 #J2LL . 2 ^-OTffi^ L 
Xfrh, 5 °C/ s ELLflflfrfflaUTC 2 5 0 'ClilTtC^a 
-r-g>ittJ:D. ilS^ffit. Fe : 8— 1 5%. A 

[0035] ^p H iE®f^f^MS^ae«#eTi4. * 
A Cl «aiAc 3 3aiwaErFoiaft«tc 

Ml36«ffi3*t4 . zcr>b^lz^ M&Ug& 6 5 0 °C*}H 

air. *-Xft^ h«0#ft»fc*>-f*»fc:ftS<iO , C Jn 
^?SS«TPIt4 6 5 0 °C i: ~th . 
[00 36 ] MSSHteWt?* fc - ^"-^^7- 
4" b«#:W*^^< : 5r t ?jir-C. *-Xft^ 
CjftK**ffiT^S«0"C, SP»^Sc7)±Rg^8 5 0°Cfc-f- 

i>o %»n#PHit lt«4. ja^trftt. 
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[0037] &imm£. 4—200 °c/ s coftsimmx* 

& 2 0 0 °C/ s £ jfi*. 4 b » ?#in^ *iflK* s fM^T^ . * 
2:j5*T-#&<&4., 

[0038] £fl>« % jfflHlOBAo §£H«C£ 

Wii-ftlRfctt, 3 5 0— 6 0 0°CT\ 1 OfcWjLt. 1 

^Mtt*S9£{ifcA^4&^<4"-M K -e^gfrfrj^ 

ft # m £ c mmt l m s jft*»saiaT gust t asa 

[0039] 3 5 0"C*ii^ffi»^gT-{±. Cuif« 
V Wt\ 3 5 0 'CBLhiOfia^ilieWiMI'C* 4 . — s 

600 "c^mx. 4 aircfigw- s l cu smm 
tftffc t j^aoftt fc ®t or . e o o °c 

-xft^fb^itm^u. ^-ostein. ^?S4 

?eh£#iwwn&. iii±««*T\ «j#ntp B i^ io mi 
[0040] ^^y>o *&£-ti, * 

eOfJL ?§lfiSfe% o S £?t o . *<7)f£.. 5 "C/ s JjLhtfS 
5 O'CjaTfcJfrSW*. fitf*f&Z»fcaiaUS 
& 5°C*if i: Lfc 9 . 2 5 O'CjSi: f 4 

[ 0 0 4 1 ] -&&fti8M3i»#>o gMJESrKit-*- 



4*&£fcL 3 5 0-50 CCfcJ^aiL/sa, fflKSttft 
-p&Srfi 1 ^ 4 5 0 — 6 0 0°Ccomm&X'5mi±.. 2 

» * ffi < -T 4 t , Zn#>-># 5r ±ff 

4iEWfc *) . ^<7)»i^-;^'-?r^-i4^S^354 

[0042] -3k < =5:4 f: , 

•BSSFffi-Cfi. ^Sl***ja«Sr 350 — 500 4 CtL 
4o ^Bjcom^-cJi, Si^Al ^SftTV^W 

- b am l . mmitut ^ ^ 4 ^rv 

4„ 

[0043] ^fc^BSfc, 7x5-f htftMWCuS- 

wms-ti-4 <r 1 1 «t d , mtcfzftmmzm&z. t *>-ht 

* 0 . 4 . -^itRfSifiM^t y,»-5#«f«0Feii 
JK**1 5%?rt3^TL43 tUPS^ Cu|f»>m 

ftuj^astftt^fc^fts-fr*. -tj. Mftiajg3&«4 5 o 
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